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Range vs Angle
EQUIPMENT NEEDED

	GLX
	Plumb Line (optional)

	Projectile Launcher Kit 
	Carbon Paper, White Paper, Tape

	C-Clamp 
	Meter Stick

	Goggles are expected.
	


PURPOSE
The purpose of this experiment is to investigate projectile motion to determine the influence of the launch angle on the flight of a projectile.
Overview
In this laboratory, the initial velocity (v0) and initial height (h) of the projectile will be held fixed while the launch angle (θ) will be varied.  For each angle, the range will be determined.  You will construct a graph of Range vs Angle and use this graph to determine the angle that will provide the maximum range.  Finally, you will be asked to use your graph to predict the range for a launch angle not included in your original data set.   You will then launch at that angle to test your prediction.
PROCEDURE

1. Using the C-clamp, attach the Projectile Launcher to a sturdy table so that the projectile will land on the table.  If the table is not long enough, you may fire to the floor.

2. Adjust the angle of the Projectile Launcher to 15 degrees up. (Use your data table as a guide for the next angle setting).
3. Test shot: Before you begin, put on your safety glasses! Verify that no-one is in front of your launcher before you load the projectile.  Put the ball into the Projectile Launcher and use the plunger to set it to the short range position (first click).  Verify again that no-one is in front of your launcher and warn your neighbors that you are about to launch. i.e. “Fire in the hole!”  Fire one test shot to locate where the ball hits.

4. Tape a piece of paper in the landing area of the test shot so that the next shot at this range should strike the center of the paper. Do not move the white paper until you have measured the range x for the given angle.
5. Place a piece of carbon paper (carbon side down) on top of the white paper.  DO NOT tape the carbon paper to anything.  When the ball hits the carbon paper, it will leave a mark on the white paper.  You will use this carbon mark as a reference for measuring x.  Do not move the white paper until you have measured the range x for the given angle.
6. Measure and record the VERTICAL distance (y) from the cross hairs on the barrel of the launcher marking the launch position of the ball to the table top or the surface where the ball hits.  If you’re shooting the ball to the floor, use a plumb bob to find the point on the floor directly beneath the end of the barrel.  NOTE:  You will measure your range (x-distance) from this point beneath the barrel on the table or floor to the impact point.
7. Verify that no-one is in front of your launcher then load the ball into the launcher at the short range setting. Call out a warning to your neighbors, “Fire in the hole.” Launch when the path is clear.

8. Shoot two more times at short range.  Check that the marks of each of the 3 shots are close to each other.  If not, shoot the ball an additional time until 3 marks are close.  (Note: recheck the angle after each shot to be sure the angle hasn’t changed.
9. Draw a tight circle around the three close points for the Short Range setting.  Measure the x-range from the point where the plumb line contacts the floor below the barrel of the launcher to the center of the circle around your carbon marks.  Record this value in your table.

10. Repeat this procedure for the angles indicated in your data table.  Don’t forget to measure the average range before moving the paper for the test shot of the next angle.  Be sure to label each set of the marks (e.g. label as 25, 35, 45, etc.)

After you have completed your paper data table you will use the GLX to create a graph of Range vs Angle.  Open the GLX file “Projectile Range vs Angle.” If a printer is available, you will print your graph to help answer the questions at the end of the lab.  If a printer is not available, you should make the graph with paper and pencil.  Plot the data from your table for Average Range vs Angle.
1. Make sure the GLX is on and then press the Home key. Press the Check/Select button to open the Data Files menu.  Use the arrow keys to navigate up and over to the Flash memory.  Navigate down to and open (F1) the file “Projectile Range vs Angle.”  The file name should appear on the screen with the word “open” next to it.

2. To enter data in the table, press the Home key then select Table (F2). A data table should open.

3. Enter your data for Angle in the first column (this information may already be entered) and enter your Average Range in the second column.

· A dashed box in the cell will allow you to use the arrow keys to move between cells.  To get the dashed box, press the ESC key.

· Once the dashed box is in the desired cell, press F2 (Edit Cell) to place the cursor in the cell.  Type your data for that cell.  Press Select (check) when you are ready to move to the next cell.

4. To create the graph, press the Home key followed by F1 (Graph). Press the Auto Scale button.
5. Check with your teacher to determine whether or not a printer is available to print your graph. If you are to print, first save your file before disconnecting from the power adapter.  

· To Save Your file:

a. Go to the Home screen.

b. Select F1 (Data Files).  A screen should open showing you that the file Projectile Range vs Angle is open.  You should save the file under your name to distinguish it from other students work.

c. Select F4, (Files) and choose Save As…the file will be highlighted.

d. Use the Delete key or backspace through the file name and re-type your name. Press the Select button (check) to set the new file name.

· Return to the graph display by pressing the Home key followed by the Graph button (F1).

· Disconnect the power and take your GLX to the printer.  Connect the GLX to the printer using the USB cable on the printer.

· From the Graph screen choose F4 (Graphs).  Select Print.

6. When you are finished, delete the file from the GLX.  Press the Home key.  Press the Select button to open the Data Files screen.  Your file should be highlighted.  Press Delete (F3) followed by OK. 

7. Turn off the GLX.
8. Complete the Data and Calculations table and answer the questions below the table.  DO NOT break down the projectile launcher until your teacher asks you to or until you have finished the questions at the end of the lab.
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Range vs. Angle

Range vs Angle:  Data Table
	Angle
	Average Range

	15
	

	25
	

	35
	

	45
	

	55
	

	65
	

	75
	


FOLLOW-UP QUESTIONS
1. Discuss the relationship between the angle of launch and the horizontal distance traveled that you found in the first part of this experiment.
2. From your graph, what angle resulted in the maximum range?
3. If time allows, use your graph to predict the range for an angle between 15 and 75 degrees for which you have not already collected data.  Record your estimate and then set the launcher to fire at that angle.  NOTE: you do not need to use the GLX or record the time of flight for this test.  Record your test range.  How close did you come to your predicted value?
4. If you were given the initial velocity (from the Muzzle Velocity Lab), how would you estimate the maximum height above the launch that the projectile reaches in flight (for a given launch angle)? What can increase this maximum height?
5. If you fired your projectile so that it landed on the table top at approximately the same height as the barrel, compare the ranges for the following pairs of angles (15 and 75); (25 and 65); (35 and 55).  What do you observe when comparing the ranges for projectiles when the sum of their angles is 90 degrees?
Extension (For those who wish to measure each shot): 
Data:
	Angle
	Trial
	Average Range

	
	
	

	15
	1
	

	
	2
	

	
	3
	

	25
	1
	

	
	2
	

	
	3
	

	35
	1
	

	
	2
	

	
	3
	

	45
	1
	

	
	2
	

	
	3
	

	55
	1
	

	
	2
	

	
	3
	

	65
	1
	

	
	2
	

	
	3
	

	75
	1
	

	
	2
	

	
	3
	


FOLLOW-UP QUESTIONS
1. Discuss the relationship between the angle of launch and the horizontal distance traveled that you found in the first part of this experiment.
2. From your graph, what angle resulted in the maximum range?
3. If time allows, use your graph to predict the range for an angle between 15 and 75 degrees for which you have not already collected data.  Record your estimate and then set the launcher to fire at that angle.  NOTE: you do not need to use the GLX or record the time of flight for this test.  Record your test range.  How close did you come to your predicted value?
4. If you were give the initial velocity (from the Muzzle Velocity Lab), how would you estimate the maximum height above the launch that the projectile reaches in flight (for a given launch angle)? What can increase this maximum height?
5. If you fired your projectile so that it landed on the table top at approximately the same height as the barrel, compare the ranges for the following pairs of angles (15 and 75); (25 and 65); (35 and 55).  What do you observe when comparing the ranges for projectiles when the sum of their angles is 90 degrees?
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